| INTRODUCTION
The Golgi apparatus is a sorting and modification nexus for protein, lipid and carbohydrate cargoes that are destined for cellular compartments or secretion. These core activities of the Golgi apparatus are dependent on the spatial distribution of lipids and sterols in cisternae membranes. Cholesterol is unevenly distributed within Golgi compartments; the ER and cis-and medial-Golgi cisternae are relatively poor in cholesterol compared with the trans-Golgi and trans-Golgi network (TGN). 1 Sphingolipids are synthesized and enriched in the TGN where they coalesce with cholesterol into liquid-ordered domains that are the basis for lipid-dependent sorting and targeting to the apical surface of polarized cells. 2, 3 Phosphatidylinositol 4-phosphate (PI-4P) is enriched in the trans-Golgi/TGN where it is essential for the biogenesis of clathrin-coated transport vesicles. [4] [5] [6] The asymmetric distribution of cholesterol, sphingolipids and PI-4P across the Golgi apparatus arises from a poorly understood combination of localized synthesis, metabolism and transport. Membrane contact sites (MCS) between the trans-Golgi/TGN and ER 7 are increasingly recognized as potential "hotspots" for lipid transfer and metabolism that influence the local lipid environment, and couple metabolic and signaling activities of the membrane compartments. 8, 9 For example, ceramide transfer protein (CERT/STARD11) transfers ceramide at an ER-Golgi MCS. 10 CERT consists of a N-terminal pleckstrin homology (PH) domain that binds PI-4P in the trans-Golgi, a 2 phenylalanine in an acid tract (FFAT) motif that binds the ERresident vesicle-associated membrane protein-associated protein (VAP) and a C-terminal START domain that specifically binds ceramide. Thus, simultaneous interaction of CERT with closely opposed membranes facilitates the delivery of ceramide from its site of synthesis in the ER to the Golgi apparatus where it is a substrate for sphingomyelin (SM) synthase 1.
OSBP and 11 OSBP-related family members (ORP1-11) have an arrangement of FFAT, PH and lipid-binding domains that is suggestive of lipid transport or signaling activity at cellular MCS. 11 Although originally identified as high affinity cholesterol and OSBPs, 12, 13 Figure 1C ). Similar to results for OSBP, 24 removal of cholesterol from fibroblasts with cyclodextrin also enhanced Sac1 localization with TGN46 ( Figure 1D ). Inhibition of p38 MAPK caused Sac1 retention in the Golgi apparatus and attenuated secretion. 28, 29 We confirmed that p38 MAPK inhibition with SB203580 and SB202190 promoted the co-localization of endogenous Sac1 with TGN46 in fibroblasts ( Figure 1A ). Interestingly, localization of OSBP at the TGN was also enhanced by both inhibitors 25OH-treated cells. GFP-Sac1 LZ is catalytically active but unable to multimerize, a prerequisite for export from the ER to the Golgi. 28 This mutant failed to localize with OSBP at the Golgi apparatus in response to 25OH or SB203580 indicating a ER export requirement ( Figure 3B ).
GFP-Sac1-K2A, which is retained in the Golgi apparatus because of mutation of the C-terminal COPI binding motif KxK, was unaffected by p38 MAPK inhibition or 25OH ( Figure 3C ). OSBP recruitment to ER-Golgi MCS in response to 25OH and SB203580 was unaffected in cells expressing moderate levels of GFP-Sac1-K2A in the Golgi GFP-Sac1-K2A was highly overexpressed in the ER and Golgi (arrows).
Inhibition of OSBP translocation was not because of disruption of the
Golgi apparatus because GALNT2 immunostaining of the trans-Golgi was intact in cells highly expressing GFP-Sac1-K2A ( Figure 3D ).
Immunoprecipitation experiments were used to assess potential interaction between endogenous OSBP and wild-type and mutant GFP-Sac1 in cells treated with or without 25OH. In agreement with a previous report, 33 a consistent but weak interaction was detected between endogenous OSBP and GFP-Sac1 ( Figure 3E ). However, the
The endoplasmic reticulum-export signal of Sac1 is required for 25OH-dependent Golgi localization. A-C, HeLa cells were transiently transfected with vectors encoding GFP-Sac1 (A), GFP-Sac1-LZ (B) or GFP-Sac1-K2A (C) for 48 hours after which cells received no addition (NA, solvent), 25OH (6 μM for 2 hours) or SB203580 (20 μM for 2 hours). Cells were subsequently immunostained for endogenous oxysterol-binding protein (OSBP) with a polyclonal primary antibody and AlexaFluor-594 secondary antibody. Wide field images were captured at identical exposure times for each panel using a 100× objective. Arrows or asterisk in (C) indicate cells expressing high or moderate levels, respectively, of GFP-Sac1-K2A (bar 20 μm). D, Untreated HeLa cells transiently expressing GFP-Sac1-K2A were immunostained with a GALNT2 primary antibody followed by an AlexaFluor-594-conjugated secondary. Images were captured by confocal microscopy (0.5 μm optical sections, bar 20 μm). E, Lysates prepared from HeLa cells transiently expressing GFP, GFP-Sac1, GFP-Sac1-K2A or GFP-Sac1-LZ for 24 hours were immunoprecipitated with a GFP antibody, resolved by SDS-8%PAGE and immunoblotting with an anti-OSBP polyclonal antibody. Input equivalent to 25% of immunoprecipitated lysate was probed for OSBP or GFP-Sac1 expression. The experiment was repeated 2 other times with similar results degree of co-immunoprecipitation of OSBP with GFP-Sac1 was not affected by 25OH treatment, and the interaction with GFP-Sac1-K2A
and GFP-Sac1-LZ was similar even though each is trapped in the 
| Sac1 silencing does not affect OSBP activity
The observed translocation of Sac1 to the Golgi apparatus in response to oxysterol lead us to re-examine its involvement in OSBP regulation using RNAi. HeLa cells transfected with 2 Sac1-specific siRNAs (siSac1) reduced expression of the enzyme by >80% compared with non-targeting controls (siNT) ( Figure 6A ). Mass spectrometry/MRM revealed that Sac1 silencing caused a non-significant 25% to 30% increase in the mass of total mono-phosphorylated (PIP) and di-phosphorylated (PIP2) phosphatidylinositol species but are reported to cause a significant reduction in Golgi-associated PI-4P. 28, 36 We also observed that Golgi-associated PI-4P (quantified by immunodetection) was significantly reduced in CHO cells transiently expressing wild-type and GFP-Sac1-K2A compared with cells expressing empty vector or GFP-Sac1-LZ ( Figures 7A,B) . Despite the reduction in PI-4P, the synthesis of SM in control or 25OH-treated CHO cells ( Figure 7C ) was not affected in cells expressing comparable levels of wild-type and GFP-Sac1-K2A ( Figure 7D ). Synthesis of ceramide and GlcCer ( Figure 7C ), and PS and PE ( Figure S3A ), were also unchanged. These data suggest that a reduction in Golgi PI-4P levels afforded by GFP-Sac1 and GFP-Sac1-K2A was not sufficient to disrupt the activity of OSBP at MCS. 
| p38 MAPK inhibitors activate OSBP at MCS

| DISCUSSION
The cycling of Sac1 between the ER and Golgi compartment of eukaryotic cells depends on its organelle-specific transport motifs that are regulated by poorly understood p38 MAPK-dependent mechanisms. 28 When retained in the TGN, Sac1 hydrolyses PI-4P and negatively regulates secretory vesicle biogenesis. 38 Recently, ER-localized Sac1 was In the context of the counter-current transfer model, 25OH is reported to stall transfer at the MCS by competition with cholesterol. 21 Consistent with this, we observed endogenous Sac1 and OSBP at a putative ER-Golgi MCS in response to 25OH and cholesterol depletion. However, results using ER-Golgi transport defective mutants indicated that Sac1 is sequestered in the Golgi apparatus under these conditions. GFP-Sac1-LZ, which is defective in multimerization and constitutively retained in the ER, did not co-localize at the Sac1 silencing would be predicted to stall OSBP-dependent cholesterol export at MCS and also elevate ER cholesterol and ACAT activity. 21 However, Sac1 silencing did not affect ACAT activity under different culture conditions that regulate cholesterol homeostasis. RNAi silencing of OSBP also did not alter cholesterol ester or cholesterol synthesis 14,42 but reduced cholesterol in the Golgi and endosomes/ lysosomes. 26, 43 When overexpressed in cultured cells, OSBP decreased ACAT activity, stimulated expression of sterol-regulated genes, 44 and decreased lipid droplet biogenesis, 21 suggesting enhanced cholesterol export to the Golgi apparatus. These results suggest that the cholesterol transport activity of endogenous OSBP and Sac1 has a minimal impact on ER cholesterol levels or is a redundant process.
Contrary to our findings, Sac1 silencing was previously reported to increase the MCS localization of overexpressed OSBP and VAP-A. 9 The reason for the discord in observed OSBP localization could be related to the degree of ectopic expression because the previous study used overexpressed tagged proteins while we examined endogenous proteins as an indicator of location and function. Related to this, we found that endogenous VAP-A was not detected at perinuclear MCS in 25OH-treated cells expressing GFP-Sac1 or GFP-Sac1- serine and incorporation into SM (A), GlcCer (B) and ceramide (C) was quantified as described in Materials and Methods.
Results are the mean and SD of 3 experiments; *P < .05, **P < .01, ***P < .05 compared with solvent-treated CHO-shNT cells. D, HeLa cells were treated with the indicated concentrations of PD98059, SP60012, SB202190 or SB203580 for 2 hours. Total cell lysates were resolved on SDS-6%PAGE and immunoblotted for endogenous OSBP. p-OSBP refers to the S381-S389 phosphospecies K2A (Figure 4 ), but did co-localize in the ER and Golgi apparatus with overexpressed ligand-binding mutants of OSBP. 15 This highlights the inherent problem when expressing proteins beyond endogenous levels, an issue that is particularly problematic for a tail-anchored protein such as VAP that could use its binding partners to target and insert into membranes.
Further evidence for dissociation of OSBP and Sac1 function came from the results of experiments using p38 MAPK inhibitors.
Despite the predicted reduction in PI-4P because of Golgi localization of Sac1, 2 p38 MAPK inhibitors also caused OSBP to localize to Golgi-ER MCS and become hyperphosphorylated at Site 1, which increases affinity for 25OH and cholesterol. 15 Importantly, p38
MAPK inhibitors also increased SM synthesis by a mechanism that was dependent on OSBP expression. This again confirms that OSBP and Sac1 respond to similar stimuli (sterols and p38 MAPK signaling)
but the former appears to be insensitive to the modulation of PI-4P levels imposed by Sac1.
Our results suggest that Sac1 is not a critical regulator of PI-4P
involved in recruitment or activity of OSBP at ER-Golgi MCS. In an in vitro counter-current transport assay, Osh4 transport of sterols had reduced dependence on Sac1 when acceptor vesicles were composed of saturated lipids. 40 In this scenario, cholesterol delivered to the TGN/trans-Golgi by OSBP could be removed from the transport cycle by sequestration in saturated/sphingolipid-rich membranes.
Transient recruitment of CERT at MCS by OSBP and resultant activation of SM synthesis could provide this favorable membrane environment. 14 The inability of Golgi-localized Sac1 to prevent 25OH-dependent recruitment of OSBP to MCS could be because of PH domain recognition of a unique PI-4P pool that is associated with Arf1. We recently showed that OSBP recruitment to MCS selectively changed the availability of PI-4P to interact with probes without affecting the total cellular PIP mass. 27 Notably, PI-4P detected with a monoclonal antibody was reduced upon 25OH treatment suggesting it represents a PI-4P pool regulated by Sac1. This was confirmed in the present study by showing that ectopic expression of GFP-Sac1 alters the antibody-detectable PI-4P pool without affecting OSBP activity. A pool of PI-4P that is available to recruit PH domain proteins was increased under the same conditions. 27 Collectively, this demonstrates that Sac1 is functionally excluded from MCS occupied by OSBP, and that OSBP is an independent regulator of the lipid and protein environment of ER-Golgi MCS. species. 27 Response ratios were calculated from the integrated area ratios for the lipid species and internal standard, and normalized to cell protein.
| Cholesterol esterification activity
The 
| Statistical analysis
Graphical data are presented as means and standard deviation (SD).
Statistical significance between data sets was determined by Student's t-test (unpaired) using GraphPad Prism 6 software.
